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Abnormalities of renin.containing cells in human glomerular and
vascular renal diseases. The distribution of renin was investigated by
immunofluorescence in human kidney biopsy specimens (27 patients
with lipoid nephrosis, 39 with Berger disease, 17 with membranous
glomerulonephritis, 5 with thrombotic microangiopathy, and 7 with
malignant nephroangiosclerosis). A semiquantitative assessment was
carried out. Two ratios were found significatively increased in the study
groups as compared with the control group: JGA + and JGA + + which
expressed, respectively, the number of fluorescent JGA in relation to
the number of glomerular sections and the number of fluorescent JGA
with more than six renin-containing cells (RCC) in relation to the
number of immunoreactive JGA. Highest values were observed in
patients with thrombotic microangiopathy and malignant nephroangios-
clerosis (P <0.001). The above immunomorphological parameters were
correlated with clinical and laboratory data. A positive dependency was
found between JGA + and JGA + + ratios and a low sodium diet,
diuretic therapy and serum creatinine. A negative dependency was seen
in the albumin and hemoglobin serum levels. No correlation was found
with blood pressure values. These observations suggested that de-
creased plasma volume and impaired renal function could be factors
leading to an increased renin production in the kidney.
Modifications des cellules contenant de Ia refine au cours des néphro-
pathies glomerulaires et vasculaires chez l'homme. La distribution des
cellules contenant de Ia rénine dans specimens biopsies des reins
hommes est étudiée par immunofluorescence (de 27 malades de néph-
rose lipoidique, 39 malades de maladie de Berger, 17 malades de
glomerulonéphrite extramembraneuse, 5 malades de microangiopathie
thrombotique, et 7 malades de nephroangiosclerose maligne). Une
étude semiquantitative est réalisée. Les rapports JGA + et JGA ++,
représentant respectivement le nombre total des appareilsjuxtaglomer-
ulaires positifs par rapport au nombre des glomérules, et Ia proportion
des appareils juxtaglomérulaires contenant plus de six cellules posi-
tives, sont significativement élevés dans les groupes pathologiques par
rapport au groupe contróle. Les valeurs les plus élevées sont observées
chez les malades porteurs d'une microangiopathie thrombotique ou
dune néphroangiosclerose maligne (P < 0.001). Les parametres im-
munomorphologiques sont corrélés positivement avec le régime sans
sd, Ia créatininémie, et negativement avec I'albuminémie et l'hémoglo-
binémie. Aucune correlation significative nest trouvée avec La pression
artérielle. Ces observations suggèrent que I'hypovolemie et l'insuffi-
sance rénale peuvent stimuler Ia production intrarénale de rénine.
strated. However, recently we were able to purify and produce
a monospecific antiserum which allowed us to detect the
enzyme in the kidney by immunohistochemical methods [6—81.
As it has been shown in lower animals, in the human kidney,
renin-containing cells (RCC) are confined mainly to the juxta-
glomerular portion of the afferent arteriole and, occasionally
they can be observed in the wall of the interlobular arteries far
away from the glomeruli. RCC are located almost exclusively in
the external part of the media, suggesting the possibility that
renin could be released in the interstitium rather than in the
arteriolar lumina. These findings have been confirmed by Celio
and Inagami [9]. More recently, we extended our observations
by investigating the distribution of renin in segmental renal
hypoplasia [10] and in embryonal and fetal human kidneys [111.
These observations suggest that immunohistochemical detec-
tion of RCC in kidney biopsies could be a useful new approach
to study the mechanism of the renin-angiotensin system in
health and disease. Therefore, we decided to investigate by
immunofluorescence the distribution of renin in a large series of
biopsies from patients with various glomerular and vascular
diseases. A semiquantitative assessment of RCC in the various
pathologic conditions studied and their relationship with some
clinical and laboratory data form the basis for this report.
Methods
Patients. One hundred and twenty-three percutaneous kid-
ney biopsy specimens and ten open-wedged biopsy specimens
were obtained from 133 patients. Only biopsy specimens con-
taining at least six glomeruli were included in this study.
According to the light microscopy and immunofluorescence
diagnoses, these patients were divided into the following
groups: (1) Twenty-seven patients (11 men, 16 women; age
range, 16 to 73 years) had the nephrotic syndrome with minimal
glomerular changes (lipoid nephrosis); by immunofluorescence
there were no deposits of immunoglobulins and/or complement
The role of the juxtaglomerular apparatus (JGA) in synthesis,
storage, and secretion of the renin has been studied in animals
by cell culture [1], microdissection [2], ultracentrifugation [31,
and by immunohistochemistry [4, 51. Until recently, the pres-
ence of renin in human kidney had not been directly demon-
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Fig. 1. Glomerulus from a normal biopsy (G). Few renin-containing
cells (RCC) are seen in the wall of the afferent arteriole close to the
glomerular hilus (arrow). (x600)
fractions. (2) Thirty-nine patients (29 men, 10 women; age range
19 to 50 years) had Berger disease (IgA nephropathy). (3)
Seventeen patients (10 men, 7 women; age range, 19 to 50
years) had membranous glomerulonephritis: ten were primary
forms, three were associated with neoplasms (1 carcinoma and
2 malignant lymphomas), four were secondary to gold and
penicillamine therapy (two patients each). (4) Five patients (1
man, 4 women; age range, 25 to 60 years) had thrombotic
microangiopathy with hemolytic anemia which was associated
with various conditions: post-partum acute renal failure (one
patient), hemolytic anemic syndrome (one patient), severe
nephrotic syndrome with focal glomerular sclerosis (one pa-
tient), and disseminated neoplasia (two patients). (5) Seven
patients (6 men, I woman; age range 24 to 76 years) had
malignant nephroangiosclerosis. (6) The control group consist-
ed of 38 patients (26 men, 12 women; age range, 16 toSS years)
in whom kidney biopsy specimens were normal by both light
microscopy and iminunofluorescence. All these patients had
minimal urinary abnormalities, such as microscopic hematuria
(23 patients) or proteinuria of less than 1 g per day (15 patients).
Immunohistochemical procedure. Antirenin antiserum. Hu-
man renin was purified from a juxtaglomerular cell tumor. The
physicochemical characteristics and the criteria of purity used
have already been reported by Galen et al 61. Antirenin
antibodies were raised in rabbits 7I. The antiserum with the
Fig. 2. Group study (membranous glomerulonephritis with nephrolic
syndrome). Hyperplastic JGA containing more than 6 RCC in the wall
of the afferent arteriole (arrow) are shown. G. glomerulus. (x800)
highest antirenin titer was selected. This antiserum diluted at
1:80.000 inhibited the enzymatic activity of 25 micro Goldblatt
units. By double immunodiffusion it gave a smooth precipita-
tion line against renin isoforms, indicating immunological iden-
tity of these isorenins. By immunoelectrophoresis, it gave a
single precipitation line against each isorenin. Antirenin antise-
rum did not cross-react with plasma proteins such as albumin,
with acid proteases such as pepsin and cathepsin D or with
renin from other species (dog and rat). Renal plasma-activated
and acid-activated renins, were all inhibited by this antiserum
and behaved identically in the human renin radioimmunoassay.
Therefore, this antiserum recognized both active and inactive
renins [71.
Immunofluorescence method f 8]. Renal tissue specimens
were fixed in Bouin's, dehydrated in ethanol, cleared in xylene,
and embedded in paraffin. Three-micron thick sections were
deparaffinized in xylene (3 x 5'), passed through decreasing
concentrations of ethanol, and washed in phosphate buffer
saline. Indirect immunofluorescence was carried out as follows:
Sections were exposed to unlabeled rabbit antirenin antiserum
at a 1:50 dilution for 30 mm. After washing, tissue sections were
incubated with fluoresceinated goat anti-rabbit immunoglobulin
(Hyland Laboratories, Costa Mesa, California). The slides were
mounted in buffered gelatin and examined under ultraviolet
light with a Leitz Ortoplan Ortomat microscope. In control
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Table 1. Dependency between immunomorphological parameters in
the total population (linear correlation coefficient)
JGA++ A+
0.507 Ia
Abbreviations: A +, the presence of renin-containing cells (RCC) in
the wall of interlobular arteries; JGA +, the number of fluorescent JGA
in relation to the number of glomerular sections; JGA + +, the number
of fluorescent JGA with more than six RCC in relation to the number of
immunoreactive JGA.
a P < 0.01 (DF = 131).
Fig. 3. Group study (malignant nephroangiosclerosis). RCC are located
in the external part of interlobular artery wall (A) far away from the
glomerulus (arrow). (x600)
kidney tissue sections, antirenin antiserum was omitted or
replaced by rabbit normal serum. To better assess the location
of RCC, successive sections were stained by Masson's tn-
chrome and Marinozzi's silver methenamine methods.
Semiquantitative assessment. To estimate the renin contents
of each kidney biopsy specimen, we considered the ratio
between the number of immunofluorescent JGA and the num-
ber of glomeruli present and estimated it in the following
manner:
Number of fluorescent JGAJGA+=lOOx
Total number of glomeruh
In addition and to assess the importance of the number of
RCC present in the fluorescent JGA, we estimated the ratio
between the number of JGA containing more than six RCC and
the total number of fluorescent JGA as follows:
JGA ++ = >< Number of JGA with more than 6 RCC
Total number of fluorescent JGA
We also evaluated the significance of the presence of RCC in
the wall of intenlobular arteries far away from the glomeruli.
This was estimated as a ratio with the total number of fluores-
cent JGA and expressed in the following manner:
Clinical and laboratory data. The following clinical data were
investigated: sex, age, recumbent diastolic blood pressure at
the second hospital day, low sodium diet, therapy with diuretics
(aldactone and/or salidiuretics), and antihypertensive drugs
(dihydralazine, methyldopa, beta blocking agents). In addition,
five laboratory parameters were obtained: proteinuria per day,
hematuria, serum albumin, serum hemoglobin, and serum cre-
atinine levels.
Statistical analysis. Although parameter distribution was not
Gaussian, values were expressed as means SD. To simplify
the statistical analysis Student's t test was used to assess
statistical significance although the number of patients was less
than 20 in two groups (thrombotic microangiopathy and malig-
nant nephroangiosclerosis). Linear correlation coefficient was
used to ascertain dependency assessment.
Results
Immunofluoresence findings. Renin was observed in the JGA
and the wall of the interlobular arteries. In both sites, fluores-
cence was strictly intracytoplasmic in location and diffuse
appearance (Fig. 1—3). In the control group, only few JGA were
positive and they usually displayed less than six RCC. Sections
of interlobular arteries showing RCC were rare. As far as our
semiquantitative assessment of renin contents is concerned,
concordant results were obtained with the three immunomor-
phological parameters in the total population (pathological and
control groups). In fact, the linear correlation coefficient study
showed a dependency between JGA + + and JGA + ratios. To
a lesser degree a similar correlation was found between A + and
JGA + + ratios (Table 1). In control biopsy specimens JGA +
and JGA ++ ratios were 6.5 10.3 and 16.22 34.9,
respectively, while A + ratio was 22.9 45.4. In all studied
pathological groups, JGA + and JGA + + ratios were signifi-
cantly higher than in the control group (Table 2). The highest
ratios were observed in thrombotic microangiopathy and malig-
nant nephroangiosclerosis (P < 0.001). In membranous glomer-
ulonephritis and Berger disease JGA + and JGA ++ ratios
were significantly different from those of the control population
(P < 0.01 and P < 0.01, respectively). In patients with lipoid
nephrosis the differences were less significant (P < 0.05). By
contrast, a significant difference in A + ratio between patholog-
ical and control groups did not exist.
Relationship between iminunomorphological values and clin-
ical and biological parameters. In the total population there
JGA +
JGA ++
0.0488
0. 28 19a
Number of arterial sections with RCCA + = 100 x
Total number of fluorescent JGA
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Table 2. Immunohistochemical findings
Pathological groupsa
Membranous Thrombotic Malignant
Control Lipoid IgA Berger glomerulone- microangio- nephroangio-
groupa nephrosis disease phritis pathy sclerosis
N=38 N=27 N=39 N=l7 N=5 N=7
-
JGA + 6.5 l2.9b 17.lc l9.2c 28.6d 34.ld
(±10.3) (±13.4) (±19.1) (±24) (±24.3) (±13.7)
JGA ++ 16.2 34•9b 35.l 42.l 100 65.3c
(±34.9) (±36.6) (±43.1) (±43.2) (±31.3)
A + 22.9 30.4 42.9 55.6 23.8 23.4
(±45.4) (±62.3) (±71.8) (±140.2) (±22.5) (±33.1)
Abbreviations are found in Table I
a Values are expressed as means 5D.
Different from control, P < 0.05.
Different from control, P < 0.01.
d Different from control, P < 0.001.
Table 3. Dependency between immunomorphological parameters and clinical and laboratory data
Blood Low Na
Antihyper-
censive
Age Sex pressure Proteinuria Creatinine Albumin Hemoglobin diet Diuretics drugs
JGA + NC NC NC NC c.d NC NC cd NC NC
JGA ++ NC NC NC NC ci a.a c.d Sd NC
A + NC NC NC NC NC NC L,,a NC NC NC
Abbreviations are found in Table I; NC, no correlation.
a P < 0.05.
P < 0.02.
P <0.01.
Positive correlation.
a Negative correlation.
was a positive dependency between JGA + and/or JGA ++
ratios and the following parameters: low sodium diet (P < 0.01),
diuretic therapy (P < 0.02), and serum creatinine level (P <
0.01). There was a negative dependency between the JGA ++
ratio and serum albumin and hemoglobin levels. By contrast, no
correlation could be found with age, sex, proteinuria, blood
pressure values, and antihypertensive drug therapy. These
results are in Table 3.
The statistical investigation of the groups did not provide
significant information.
Discussion
In the past, morphological procedures have been used to
evaluate the functional status of JGA. The degree of hyperpla-
sia as revealed by planimetric studies and of granularity as
shown by histochemical stains seem to correlate with JGA
activity [12—20]. The methods discussed above have limitations.
Planimetric measurements include both granular cells and the
extraglomerular mesangial cells. Histochemical methods such
as Bowie's stain lack specificity. In view of this, we considered
that to adequately evaluate the functional status of the JGA, it
was necessary to use immunohistochemical methods performed
in this work. Without ultrastructural study, it is impossible to
ascertain whether or not the cytoplasmic fluorescence is local-
ized in the so-called specific granules seen by electron micros-
copy [21].
By using the immunofluorescence technique, we were able to
demonstrate the presence of renin in kidney biopsy specimens.
The monospecificity of the antiserum we have used has been
ascertained by immunoabsorption studies [8]. In normal con-
trols, only a few RCC are found in renal cortex which is in
agreement with the low content of extractable renin in human
kidney [22].
In this study, we observed that the number of fluorescent
JGA (JGA + ratio) was related directly to the number of JGA
with more than six RCC (JGA ++ ratio). This fact could
indicate that the number of fluorescent JGA in a given biopsy
specimen is related to JGA hyperplasia. An increase in the
number of RCC could result in an extended JGA area, and,
consequently, in an increase in the number of fluorescent JGA
seen in random tissue sections. Thus, in this series of kidney
biopsy specimens obtained from patients with various glomeru-
lar and vascular diseases, the increase in JGA + and JGA + +
ratios suggests that JGA hyperplasia is a consequence of JGA
stimulation. As far as the presence of RCC in the wall of
interlobular arteries far away from glomeruli (A + ratio), we
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found that there was a weak correlation with the two other
parameters (JGA + and JGA + + ratios). However, the A +
ratio was not found significantly different in diseased kidneys
than in the normal ones. This discrepancy could be due to
sampling limitations.
Concerning the relationship between RCC contents and clini-
cal and laboratory findings, we found that the blood pressure
values did not correlate with any of the immunomorphological
ratios studied which is consistent with the results reported in
other studies in which JGA hyperplasia was evaluated by
immunohistochemical [18] and planimetric methods [19, 20]. By
contrast, a low sodium diet, therapy with diuretics, and low
serum albumin values were associated with an increased num-
ber of RCC. These observations suggest that decreased plasma
volume could be a result in an enhanced renin synthesis; on the
other hand, there was a positive dependency between our
immunomorphological parameters and the serum creatinine
levels, an index of impaired renal function. From these findings,
it is suggested that abnormalities of renal perfusion, a common
factor of both decreased plasma volume and impaired renal
function, stimulate the renin production in the renal diseases
investigated in this study.
Acknowledgments
We thank P. Mancilla-Jimenez for reviewing the manuscript, D.
Gentric for her technical assistance, and J. Bizouërne for typing the
manuscript.
Reprint requests to Prof. J. Barietv, Service de Nephrologie, Hopital
Broussais, 96, rue Didot, 75674 Paris, Cédex 14, France
References
I. ROBERTSON AL, SMEBY RR, BUMPUS FM, PAGE tH: Production of
renin by human juxtaglomerular cells in vitro. Circ Res 18/19 (suppl
1):131—156, 1966
2. BROWN JJ, DAVIES DL, LEVER AF, PARKER RA, BOERTSON JIS:
The assay of renin in single glomeruli in the normal rabbit and the
appearence of the juxtaglomerular apparatus. J Physiol (Lond)
176:418—428, 1965
3. CHANDRA S. SKELTON FR. BERNARDIS LL: Separation of renal
pressor activity by ultracentrifugation. Lab Invest 13:1192—1198,
1964
4. TAUGNER CH, POULSEN K, HACKENTHAL E, TAUGNER R: tm-
munocytochemical localization of renin in mouse kidney. Histo-
chemistry 62: 19—27, 1979
5. HARTROFT PM, SUTHERLAND LE. HARTROFT W: Juxtaglomerular
cells as the source of renin: Further studies with the fluorescent
antibody technique and the effect of passive transfer of antirenin.
Can Med Assoc J 90:163—166, 1964
6. GALEN FX, DEVAUX C, GUYENNE TT, MENARD J, CORVOL P:
Multiple forms of human renin: Purification and characterization. J
Biol Chem 254:4848—4855, 1979
7. GALEN FX, GUYENNE TT, DEVAUX C, AUZAN C, CORVOL P
MENARD J: Direct immunoassay of human renin. J Clin Endocrinol
Metab 48: 1041—1043, 1979
8. CAMILLERI JP, PHAT VN, BARIETY J, Covot P, MENARD J: Use
of specific antiserum for renin detection in human kidney. J
Histochem Cytochem 28:1343—1346, 1980
9. Cwo MR, INAGAMI T: Renin in the human kidney. Histochemis-
try 72:1—40, 1981
10. AMAT D, CAMILLERI JP, PHAT VN, BARIETY J, CORVOL F,
MENARD J: Renin localization in segmental renal hypoplasia.
Virchows Arch (Pathol Anat) 390:193—204, 1981
11. PHAT VN, CAMILLERI JP, BARIETY J, GALTIER M, BAVIERA E,
CoRvoL P, MENARD J: Immunohistochemical characterization of
renin containing cells in the human juxtaglomerular apparatus
during embryonal and fetal development. Lab Invest 45:387—390,
1981
12. GOORMAGHTIGH N: Histological changes in the ischemic kidney
with special reference to the juxtaglomerular apparatus. Am J
Pathol 16:409—416, 1940
13. TURGEON C, SOMMERS SC: Juxtaglomerular cell counts and human
hypertension. Am J Pathol 38:227—237, 196!
14. HARTROFT PM, HARTROFT WS: Studies on renal juxtaglomerular
cells. t. Variations produced by sodium chloride and desoxycorti-
costerone acetate. J Exp Med 97:415—427, 1953
15. HARTROFT PM: Studies on renal juxtaglomerular cells. Ill. The
effect of experimental renal disease and hypertension in the rat. J
Exp Med 105:501—507, 1957
16. TOBIAN L, THOMPSON J, TwED R, JANECEK J: The granulation of
juxtaglomerular cells in renal hypertension. desoxycorticosterone
and post desoxycorticosterone hypertension, adrenal regeneration
hypertension and adrenal insufficiency. J Clin Invest 37:660—671,
1958
17. TOBIAN L, JANECEK J, TOMBOULIAN A: Correlation between
granulation of juxtaglomerular cells and extractable renin in rats
with experimental hypertension. Proc Soc Exp Biol Med 100:94—96,
1959
18. PiTcocK JA, HARTROFT PM: The juxtaglomerular cells in man and
their relationship to the level of plasma sodium and to the zona
glomerulosa of adrenal cortex. Am J Pathol 34:863—873. 1958
19. MEYER D, JAuss E, SKAANE P: Quantitative morphologie des
Juxtaglomerularen Apparatus bei perimembranoser Glomerulone-
phritis. Verh Disch Ges Pathol 57:457, 1973
20. HARA M, MEYER D: The size of the juxtaglomerular apparatus in
glomerulonephritis with the nephrotic syndrome. Virchows Arch
(PatholAnat) 367: 1—14, 1975
21. BIAVA C, WEST M: Fine structure of normal human juxtaglomeru-
lar cells. II. Specific and non-specific cytoplasmic granules. Am J
Pathol 49:955—980, 1966
22. SCHAFFENBURG CA, 1-LASS E, GOLDBLATT H: Concentration of
renin in kidneys and angiotensinogen in serum of various species.
Am J Physiol 199:788—792, 1960
